The purpose of this study was to investigate the effect of a 12-week circuit training program on health-related physical fitness and metabolic syndrome risk factors in obese female college students. Twenty subjects with over 30% of accumulated body fat voluntarily participated and were randomly allocated to the control group (n = 10) or circuit training group (n= 10). The circuit training program consisted of 10 types of resistance and aerobic exercise and was performed 3 times per week for 12 weeks. Health-related physical fitness and metabolic syndrome risk factors were analyzed to elucidate the effect of the circuit training. Significant differences between groups were determined with two-way repeated analysis of variance and paired t-test. As a result of this study, body weight, % body fat, and body mass index in the circuit training group was significantly decreased compared to the control group. All health-related physical fitness indicators such as back strength, sit-up, sit-and-reach, and 1,600 m running time showed relative effects between groups or over time. Among the metabolic syndrome risk factors, waist measurement, triglyceride, and total cholesterol were significantly decreased but blood glucose, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol did not show any significant difference. Therefore, the present data suggested that circuit training for 12 weeks may be effective in improving physical fitness and preventing metabolic diseases.
INTRODUCTION
Obesity has been known as a medical condition in which excess body fat has accumulated to the extent that it may have a negative effect on health (World Health Organization, 2016) . World Health Organization (2016) reported that in 2014, 13% of adults over age 18 (11% for men and 15% for women) suffered from obesity and it has increased to more than twice the levels compared to those in 1980. In Korea, the adult population with a body mass index (BMI) of 25 kg/m 2 or more was reported to steadily increase from 2005 to 2013 (Ministry for Health and Welfare, 2017) . Previous studies on obesity have emphasized that a persistent increase in the obese population is caused by a decrease in physical activity and excessive intake of nutrition due to the development of industrial technology (Boyland and Whalen, 2015) .
Obesity has a high correlation with the decrease of insulin function, the occurrence of various cardiovascular diseases and metabolic syndrome (Matsuda and Shimomura, 2013; Reaven, 2004) . Increasing these physiological problems in the obese compared to people with normal weight. For the prevention and treatment of obesity and metabolic syndrome, Schwingshackl et al. (2013) has recommended performing a variety of exercise programs including aerobic exercise, resistance training and flexibility. Recently it has been suggested that the 12-week cycle exercise resulted in a significant reduction in body weight, BMI, and body fat percentage in body composition as well as a decrease in metabolic syndrome risk factors including waist circumference, blood pressure, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) of a middle-aged obese women (Myers et al., 2015) .
Components of health related physical fitness include body composition, muscle strength, muscle endurance, flexibility, and cardiopulmonary function. Arena and Cahalin (2014) reported that there were significant correlations between obesity and health-related physical fitness and that obese people with lower cardiopulmonary function had higher cardiovascular risk indexes than those with higher cardiopulmonary function. It has been well documented that regular physical activity not only decreased % body fat and body weight but also increased health-related physical fitness of middle-aged obese woman (Church et al., 2006) .
With these research findings, performing exercise for a certain period of time is absolutely necessary for prevention and treatment of physiological problems in obese people. But almost all previous studies on effect of exercise for obesity have mainly focused on obese middle-aged women, and there are few studies on obese female college students.
Therefore, the purpose of this study was to investigate the effect of 12-week circuit training program on body composition, physical fitness, and metabolic syndrome risk factors in obese female college students.
MATERIALS AND METHODS

Participants
The participants in this study were 20 female college students with obesity, where over 30% of body fat had accumulated. As shown in Table 1 , all voluntary participants were randomly allocated to the control group (n=10) and the circuit training group (n=10). Before beginning the study, participants were informed about study orally and they submitted their written informed consent to researchers. And this research was conducted ethically according to international guidelines.
Circuit training program
Circuit training is one of the most popular exercise methods to build both muscular strength and endurance. We performed a modified training program, according to a previously described method (Bocalini et al., 2012) . As shown in Table 2 , the training program consisted of 10 types of resistance and aerobic exercise and was done 3 times per week for 12 weeks. Specifically, the resistance exercise program was comprised of push-up, squat, crunches, lunge and superman exercise and an aerobic exercise program comprised a light jumping, running on the spot, foot stamping, steps, jumping jack.
To set the intensity of circuit training, firstly maximum heart rate (HRmax) was calculated using the equation [206.9-(0.67×age)] reported by Gellish (2007) and then the target heart rate was established. In weeks 1-8, 50%-60% of HRmax was performed. In weeks 9-12, 60%-70% of HRmax was performed. Circuit training was performed for 60 min including time of warm-up (10 min) and cool-down (10 min). Each exercise in the training program was performed for 30 sec, and resting time was 20 sec between each exercise and 3 min between sets.
Fitness measurement
We measured health-related physical fitness such as body composition, back strength, sit-up, flexibility, and cardiopulmonary function. Body composition was measured by Inbody 720 (Biospace Co., Seoul, Korea) to confirm the height, weight, % body fat, body fat and lean body mass (LBM) before and after 12 weeks of circuit training. Back strength was measured with a digital back muscle dynamometer (T.K.K. 5402 BACK D, Takei Scientific Instrument Co, Niigata, Japan) and sit-up (T.K.K. 5,505 m, Takei Scientific Instrument Co.) was measured for 60 sec. Flexibility was examined using the digital anteflexion meter (T.K.K. 5,111 sit and reach, Takei Scientific Instrument Co.) and cardiopulmonary function was evaluated by 1,600-m record. All measurements were performed twice except 1,600-m running and the highest record was selected.
Blood analysis
Before and 24 hr after circuit training, 5 mL of blood was collected from the antecubital vein under fasting conditions (>12 hr). The blood samples were centrifuged for 20 min at 3,600 rpm and stored at -80°C until analysis. Levels of triglyceride (TG), HDL-C, LDL-C, and TC were analyzed using enzymatic colorimetric assay. And fasting glucose concentration was analyzed using enzymatic kinetic assay.
Statistical analysis
PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used to determine the effect of 12-week circuit training. To confirm the main effect, we used a two-way repeated analysis of variance. If there was a significant interaction effect, an independent t-test between groups or a paired t-test between times was applied. All values are expressed as mean±standard deviation. P< 0.05 was considered significant.
RESULTS
Change in body composition
Body composition before and after the circuit training program is shown in 
DISCUSSION
Body composition refers to the characteristics of the human body including the body fat, % body fat, muscle mass, and LBM. With advancing aging, in general, body weight and % body fat is gradually increased but LBM is decreased (Sziva et al., 2009 ). These negative alterations of body composition can lead to metabolic syndrome and exercise has been well known as mediator to positively change body composition (Theodorakopoulos et al., 2017) .
In this study, circuit training for 12 weeks significantly decreased body weight, % body fat, and BMI over time and showed relative effect between groups. Most previous studies suggested that aerobic exercise (5 times for 12 weeks at 40%-70% maximal oxygen uptake), high intensity combined exercise (5 times for 3 weeks) or Pilates exercise (3 times for 8 weeks) could down-regulate body weight, % body fat, and BMI of obese people when compared to the nonexercise group (Şavkin and Aslan, 2017) . Changes in body composition in this study are consistent with many previous studies. However, unlike the above variables of body composition, LBM did not represent a statistical significant difference between group or over time. And this result is different from a number of previous studies in which exercise could significantly increase LBM of obese people (Liao et al., 2018) . We think that this difference is due to the different exercise types, time, duration and intensity applied in this experiment. Findings of this study on body composition indicate that regular circuit training for 12 weeks helped obese people improve weight and % body fat. Circuit training is thus useful for prevention and treatment of obesity.
We confirmed that a 12-week circuit training program significantly improved muscle strength, muscle endurance, flexibility, and cardiopulmonary fitness compared to the nonexercise group. In previous studies on muscle strength and endurance, combined exercise for 12 weeks or high intensity circuit training for 8 weeks increased grip and back strength as well as muscle endurance in middle-aged obese woman (Smith-Ryan et al., 2016) . Also Myers et al. (2015) suggested that physical activity increased flexibility and cardiopulmonary fitness of obese woman and that cardiopulmonary endurance was improved in severely obese woman as a result of a swimming exercise program 3 times a week for 12 weeks (Lee and Oh, 2014; Rolland et al., 2004) . The enhancement of muscle strength, endurance, and flexibility in this study is due to a gradual increase in exercise intensity and repetition frequency during resistance exercise and cardiopulmonary fitness was improved by continuous aerobic exercise. It is thus considered a relevant exercise to improve health-related physical fitness and the quality of life for obese people.
Obesity is a serious medical condition that can lead to the development of metabolic syndrome such as abdominal obesity, hyperlipidemia, hypertension, diabetes as well as coronary artery disease when left untreated for a long time (Iwashima et al., 2004) .
TG, cholesterol, and phospholipids are the important lipids found in the human body, which are transported as complexes of lipid and proteins known as lipoproteins. Lipoprotein is classified as HDL-C, LDL-C, and very-LDL-C. They are critical indicators for prediction of coronary artery disease. Wagmacker et al. (2017) reported that HDL-C and LDL-C were up-regulated and down-regulated in middle-aged woman with over 30 BMI, respectively, and resistance and aerobic exercise for 12 weeks positively altered the level of HDL-C, LDL-C and TG in the blood. Regular exercise was effective in the improvement of metabolic syndrome and adult diseases through the regulation of obesity index (Solymoss et al., 2003) . However, in the present study, we confirmed no relative effect between groups and over time on TC, HDL-C, and LDL-C concentration as a result of circuit training for 12 weeks. These differences with previous studies are due to the normal range of TC, HDL-C, and LDL-C in obese female college students, unlike those in obese middle-aged woman.
To investigate the effect of circuit training on metabolic syndrome, we investigated 6 factors (waist circumference, blood glucose, TG, HDL-C, LDL-C, and total cholesterol) known as metabolic syndrome risk factors. Among these factors, waist circumference and TG were positively changed after 12-week circuit training. Generally, waist circumference is used as the most effective index to determine abdominal obesity, and TG is the main constituent of body fat in humans (Lean et al., 1995) . Abdominal obesity is associated with cardiovascular disease, and visceral fat is known to increase the risk of insulin resistance, hyperlipidemia, hypertension, coronary artery disease, and dyslipidemia (Després et al., 2008) . Villareal et al. (2006) suggested that participation in regular exercise could decrease waist circumference and blood TG levels in obese people and body pump exercise for 8 weeks showed significant changes in waist circumference in obese female college students (Stensvold et al., 2010) . Improvement of waist circumference and TG were seen in the present study. We are convinced that circuit training can help prevent cardiovascular disease and metabolic syndrome in obese people.
Taken together, obesity is a severe medical condition that is able to induce metabolic syndrome and coronary artery disease. And circuit training for 12 weeks decreased body weight, % body fat, BMI, waist circumference, TG, and leptin as well as increased health-related physical fitness. Therefore our findings provide important evidence that regular circuit training may be regulator to prevent and overcome metabolic syndrome in obese people.
